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A wireless Ian system and a transmitter-receiver in a wireless LAN system 



(57) In a wireless LAN system chiefly uslno. a miMm- 
eter wave, a satellite station (4) is provided with ftn ac* 
tive phased planar-array antenna, the radiating directiv- 
ity characteristic of which can be freely changed. When 
a master station (6) recedes a control frame transmitted 
from the satellite station (4) prior to the commencement 
of normal communication, the master station (6) trans- 
mits a carrier wave. The satellite station (4) determines 
such a directivity characteristic ot an antenna as to re- 
ceive this carrier wave with the strongest intensity, and 



fixes the characteristic. Thus, an optimal communica- 
tion environment can bo secured. When the number of 
errors in a received data Irame or the receiving electric 
field intensity received by the satellite station (4) in nor- 
mal communication is interior to a respective predeter- 
mined threshold, the deterioration of the communication 
environment can be coped with by determining again. 
The power consumption of the master station (6) can be 
reduced by making the transmitting power of a earner 
wave for determining less than the transmitting power 
at the time of normal communication. 
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Description 

[0001} The present invention relates to a local area 
network (LAN), more specifically to thB optimization of 
communication quality lor realizing an optimal commu- 
nication environment between a wirelBss LAN satellite 
station and a master station in a wireless LAN system 
mainly using an electromagnetic wave in a millimeter 
wave range, 

[0002] These days a LAN has become popular and 
the amount ol data handled on a LAN has been also 
increasing. On the other hand, data terminals including 
a personal computer have been improved in communi- 
cating functions, and have been miniaturized. Under 
these circumstances, the need for data communication 
in a mobile environment is advocated, and attention is 
being paid to a wireless LAN system. 
[0003] So far an electro-magnetic wave in an ISM 
range* that is, approximately the 1 to 3 GHz range, has 
been used for a wireless LAN system. However, since 
this bandwidth is also used for industrial purposes or mi- 
crowave ovens, a large amount of noise is generated. 
To suppress this large amount of noise it is necessary 
to employ a spread spectrum communication method, 
which has made a system complicated. The system also 
has a drawback that in this wave range a bandwidth re- 
quired tor a high speed transmission cannot bo secured. 
[0004] For this reason, attention is currently being 
paid to a millimeter wave range of 50 to 70 GHz which 
Is still an unused wave band for data communication. 
[00051 Electro-magnetic radiation in this wave band is 
characterized in that it Is highly directional and easily 
absorbed by oxygen and glass. For example, since 
there is little possibility that an electro-magnetic wave 
leaks outside when it is usod in an office environment, 
it is effective in security. Furthermore, since it is an un- 
used band width, and thereby there is no need to employ 
a spread spectrum communication method, the system 
can be simplified, compared with the case when an ISM 
range is used. Since in a millimeter wave range a band 
width required for a high speed transmission can be se- 
cured, it is a very promising wave band at present when 
a high speed transmission of over 100 Mbps is becom- 
ing popular in a wired LAN system, 
[0006] However, the wireless LAN system using an 
electro-magnetic wave in a millimeter range has the fol- 
lowing problems. 

[0Q07] The first problem is thai a communication en- 
vironment rapidly deteriorates due to a subtle change of 
the position and direction of an antenna of a satellite 
station. In order to expand a comrnunicatioo-available 
area in a millimeter wave wireless LAN system an an- 
tenna with a rather broad radiating directivity is usually 
used for the master station. However, a millimeter wave 
Is strong to keep straight on and is easily absorbed by 
oxygen. There is also influence from interference 
among satellite stations and multipath interference 
caused by the existence of multiple routes for an electro- 
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magnetic wave transmitted from a satellite station. For 
this reason, to secure a favorable communication envi- 
ronment, it is necessary to sharpen the radiation char- 
acteristic of the antennae of satellite stations and to al- 

s ways direct the radiation characteristic of the satellite 
stations exactly to the antenna of the master station. 
[0008] To avoid the influence from Interference 
among satellite stations and multipath, the use of diver- 
sity antennae and the introduction of a spread spectrum 

to communication method can be considered. However, it 
is technically difficult to implement these methods in a 
millimeter wave range, and even if it can be implement- 
ed, the system becomes complicated. This is the sec- 
ond problem. 

is [00OS] It is therefore desirable to provide a millimeter 
wave wireless LAN system in which a favorable com* 
munication environment can be secured between a sat- 
ellite station and a master station by directing the radi- 
ation characteristic of an antenna of a wiroless LAN sat- 
so ellite station exactly to an antenna of the master station. 
[0010] A wireless LAN system of the present invention 
comprises a wireless LAN master station for supporting 
communication between satellite stations belonging to 
the master station and one or more wireless LAN satel- 
26 lite stations. A transmitter-receiver in me system being 
a satellite station of the LAN system comprises an an- 
tenna, the directivity characteristic of which can be dy- 
namically changed when receiving waves Irom the mas- 
ter station, control frame transmitting means for trans- 
30 mining a control frame to the master station prior to the 
commencement of communication, and antenna direc- 
tivity characteristic controlling means for determining 
sucrtadirectivrty characteristic that the receiving electric 
field intensity of a carrier wave transmitted from the mas- 
35 ter station when the control frame is transmitted may be- 
come a maximum by changing the directivity character- 
istic of an antenna. A transmitter-receiver for communi- 
cating with another party In the system being the master 
station comprises carrier wave transmitting means for 
40 transmitting a carrier wave when receiving the control 
frame. In the wireless LAN system of the present inven- 
tion, prior to the commencement of communication, a 
satellite station transmits a control frame to the master 
station. When the master station receives the control 
45 frame from the satellite station, it starts to transmit a car- 
rier wave. When the satellite station receives the carrier 
wave transmitted from the master station, it changes the 
cfirectivrty characteristic of an antenna, and determines 
such a direct h/ity characteristic that the receiving electric 
so field intensity of the carrier wave may become a maxi- 
mum. After thai, by using the directivity characteristic 
obtained from the result of the determination, commu- 
nication between a satellite station and the master sta- 
tion can be carried out in an optimal communication en- 
ss vironmenL 

[0011] For an antenna of a satellite station an active 
phased planar-array antenna can be used. Thus, with- 
out adjusting the physical position of an antenna of a 
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satellite station, communication between a satellite sta- 
tion and the master station can be carried out in an op- 
timal communication environment 
[0012] further, after the satellite station starts to ex- 
change data frames as communications with the master 
station, conditions can be set for thB number of errors 
detected in a data frame that are allowed to be received, 
or the electric field intensity of the data frame that is al- 
lowed to be received, and when the conditions are not 
met, an optimal antenna directivity characteristic can be 
determined again. Thus, the deterioration of communi- 
cation quality occurring because a satellite station or the 
master station moves or because the position of an an- 
tenna is shifted due to soma cause, can be automatically 
coped with, and an optimal communication environment 
can be always provided, 

[0013] Furthermore, the transmitting powerof a carri- 
er wave which is transmitted when the master station 
receives a control frame from a satellite station, can be 
less than the transmitting power at the time ol the trans- 
mission of a data frame as normal communication. 
Thus, the power consumption of the master station can 
be reduced. 

[001 4] Reference will now be made, by way of exam- 
ple only, to the accompanying drawings in which: 
[001 S] Fig. 1 is a block diagram showing tho theoreti- 
cal configuration of an embodiment of the invention. 
[001 $1 Fig.2 shows the basic configuration of a wire- 
less LAN system of Fig. 1. 

[001 7] Fig. 3 shows an active phased planar-array an- 
tenna as an example of an antenna for a satellite station. 
[0018] Fig,4 shows the change of radiating directivity 
characteristic of an active phased planar-array antenna 
[001 SJ F&5 is a block diagram showing the configu- 
ration of a wireless LAN satellite station. 
[0020] Flg.6 is a flowchart of an optimizing process of 
basic communication quality executed by the control 
unit shown in Fig.5. 

[0021] Fig 7 shows the configuration of the determin- 
ing function control unit shown in Rg.5. 
[0022] Fig.fl shows the configuration of an antenna di- 
rectivity characteristic control unit. 
[0023] Flg.e shows a method for determining an an- 
tenna radiation directivity characteristic of a satellite sta- 
tion. 

[0024] Fig. 10 shows a method lor sending a control 
frame to the master Station prior to the determination of 
an antenna radiation directivity characteristic. 
[0025] Fig. 1 1 shows the configuration of the receiving 
control unit shown in Fig.5. 

[0026] Fig. 12 shows the configuration of an electric 
field density detecting/storing unit. 
[0027] Fig.13 shows the configuration ol a control 
Irame generating unit. 

[002S] Fig.14 6hows the configuration ol the power 
feeding power control unit shown in Fig.5. 
[0029] Fig. 15 shows the configuration of a transmit- 
ting control unit. 



[0030] Fig. 1 6 shows tho configuration ol an FCS error 
frame detecting unit/counter. 
[0031] Fig, 17 is a block diagram showing the config- 
uration of a wireless LAN master station. 

s [0032] Fig. 18 is a basic flowchart of processes exe- 
cuted by the control unit shown in Fig 17. 
[0033] Fig. 19 shows the configuration of the deter- 
mining function control unit shown in Fig.17. 
{0034] Fig.20 shows the configuration of a frame dis- 

10 tinguishing unit. 

[003S] Fig. 21 shows the configuration of the power 
feeding power control unit shown in F»g.17. 
[0036] Fig.22 shows an example of a format lor a con- 
trol Irame. 

is [0037] Fig.23A shows a case where the difference be- 
tween the maximum value and the minimum valuo of 
electric field intensity is regarded as a success as a re- 
sult of determination. 

(0038] Fig.23S shows a case whore the difference be- 
st* tween the maximum value and the minimum value of 
electric field intensity is regarded as a failure as a result 
of determination. 

[0039] Rg.1 is a block diagram of the principle of an 
embodiment of the present invention. This is a block di- 
ss agram of the theoretical configuration of a wireless LAN 
system connected to a backbone LAN and comprises a 
wireless master station supporting communication be- 
tween satellite stations belonging to the master station 
and one or more wireless LAN satellite stations. The 
30 master station and satellite stations are transmitter-re- 
ceivers which can communicate with each othBr. 
[0040] As shown in Fig. 1 , a satellite station 4 compris- 
es an antenna unit 1 , a control frame transmitting unit 2 
and an antenna directivity characteristic control unit. 
35 whereas the master station 6 comprises a carrier wave 
transmitting unit 5, 

[0041] When receiving electromagnetic waves from 
the master station, the antenna unit 1 can change its 
directivity characteristic. 

40 prior to the commencement of communication with the 
master station or another satellite station or whan com- 
munication conditions deteriorate after the commence- 
ment of communication, the control frame transmitting 
unit 2 transmits a control trama to the master station $. 

4* [0042] The antenna directivity characteristic control 
unit 3 changes the cfirectrvity characteristic of the anten- 
na unit 1, for example, an active phased planar-array 
antenna* and determines such a directivity characteris- 
tic thai the receiving electric held density of a carrier 

so wave transmitted from the master station when the mas- 
ter station receives the control frame may become a 
maximum. 

[0043] The carrier wave transmitting unit S starts to 
transmit a carrier wave when the master station receives 
.ss the control frame from a satellite station. 

[0044] Usually LAN data has a characteristic of being 
concentrated and communicated at a certain time like a 
data burst, and generally speaking, when there is no da - 
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la to be communicated, a carrier wave is not transmitted 
trom the master station of the LAN system, still less a 
data frame, For this reason, in the present embodiment, 
a control frame is transmitted 1rc>m the control frame 
transmitting unit 2 of a satellite station to the master sta- 
tion. In the master station 6, when the master station 
receives the control frame, the master station starts to 
transmit only a carrier wave from the carrier wave trans- 
mitting unit 5. In the satellite station 4, whUe this carrier 
wave is being transmitted, such a directivity character- 
istic of antenna unit 1 that the receiving electric field in- 
tensity af the carrier wave becomes a maximum, is de- 
termined by the antenna directivity characteristic control 
unit 3. 

[0045] In the present embodiment , when thB antenna 
unit 1 is composed ol an active phased planar-array an- 
tenna, the directivity characteristic of the antenna unit 1 
ol the satellite station can also be made broad by trans- 
mitting the control IramB using only one element out of 
a plurality ol elements in the array of an active phased 
planar-array antenna, when the satellite station is trans- 
mitting the control Irame using the control frame trans- 
mining unit 2. Further, in this case, by increasing the 
power feeding power for one element used for transmit- 
ting the control Irame, the radiating power of the control 
frame can never be lass than the radiating power in the 
case where ail elements are used, and the control frame 
can be transmitted to the master station without fail. 
[0046] Furthermore, in the present emtxxfiment, after 
such a directivity characteristic that the receiving electric 
field intensity in the satellite station of a carrier wave 
transmitted from the master station may become a max- 
imum, is determined, and thB directivity characteristic of 
the antenna unit 1 is fixed to that direction, a data frame 
is started to be transmitted and received between the 
master etation and the satellite station. After that an an- 
tenna directivity characteristic is determined again, if 
necessary. 

[0047] For example, when an error is detected in the 
data frame received from the master station, such as a 
Irame chock sequence error, or me number of the de- 
tected error frames exceeds a predetermined number, 
by the control frame transmitting unit 2 transmitting the 
control frame, by the carrier wave transmitting unit 5 
starting to transmit a carrier wave and the antenna di- 
rectivity characteristic control unit 3 determining a direc- 
tivity characteristic, the cctmmunfcation quality of a wire- 
less LAN can be optimized again. 
[0048] Fig.2 shows the basic configuration of a wire- 
less LAN system using the principle of Fig- 1 - 
[0049] For example, in Fig,2 a wireless LAN system 
comprises a wireless LAN master station 12 connected 
to a wired backbone LAN 11 , and a plurality of wireless 
LAN satellite stations 15 connected to data terminals 14 
respectively. The antenna of the wireless LAN master 
station 1 2 has a broad radiating directivity characteristic 
1 3, whereas the satellite station antennae 1 6 of the wire- 
lees LAN satellite stations 15 have an acute rac&ating 
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directivity characteristic 17. 

[0050] Since, generally speaking, data is often trans- 
mitted like a burst in a LAN system, the wireless LAN 
master station 1 2 does not transmit a carrier wave when 
5 there is no data to be transmitted, Therefore, in this em- 
bodiment, when the satellite station 1 5 starts tooperate, 
a connected data terminal 1 4 such as a personal com- 
puter starts to operate or the data terminal 14 starts to 
communicate, the satellite station IS transmits a control 
re frame different from a normal LAN data frame to the 
master station 12. the master station receives the con- 
trol frame and starts to transmit only a carrier wave. The 
antenna 16 of the satellite station 15 is provided by an 
active phased planar-array antenna, The satellite sta- 
ts tion 1 5 determines such a direction where a carrier wave 
transmitted from the master station can be received with 
the maximum intensity, and good communication quality 
can be secured by conforming the direction of a radiat- 
ing beam of an antenna, that is. the radiating directivity 
20 characteristic, to the determined direction. 

[00S1] in Fig.2, equipment in various forms such as 
PC card type, terminal built-in type, set top type, etc. Is 
used for wirelass LAN satellite stations 15. There are 
also an antenna 18-incorporated satellite station, and a 
z& satellite station 15 with an antenna 16 connected by a 
signal wire. There is no restriction in the configuration 
and form of a satellite station and an antenna 16, Fur- 
thermore, as for the antenna 16 one antenna can be 
used lor both transmission and reception, or different 
30 antennae can be used tor transmission and reception, 
in this embodiment it is assumed that different antennae 
are used for transmission and reception, and different 
frequencies are used for transmission and reception. 
[DGS2] Fig. 3 shows an active phased planar-array an- 
as tenna as an example of an antenna for a satellite station 
1 6 shown in Fig£. In the drawing, an active phased pta- 
nar-array antenna 21 is composed of a plurality, 9 in this 
embodiment, of patch elements 22. Ax phase shifter 23 
and a y phase shifter 24 are provided corresponding to 
40 each patch element 22. The x phase shifter 22 changes 
a power feeding phase to a side parallel to the y axis of 
a patch element in order to change the directivity char- 
acteristic on a x-z plane, and the y phase shifter 24 
changes a power feeding phase to a side parallel to the 
4S x axis. To each x phase shifter 23 and each y phase 
shifter 24 are connected an excitation controller 25 of 
tha x phase shifter and an excitation controller 2$ of the 
y phase shifter, respectively. 
[0053] Although an antenna array of an active phased 
#> planar-array antenna 21 is composed of 9 patch ele- 
ments shown in Fig.3. the number of elements is not 
limited to this. Furthermore, although the shape of an 
element is a square, the shape of the element oan be 
any form, such as a form in which one pair ol the oppo- 
se site angles of a square is cut. a circle, di-pole type, etc. 
[0064] Fig.4 shows the change of the radiating direc- 
tivity characteristic of an active phased planar-array an- 
tenna in the case where the antenna is seen from the y 
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direction. In the drawing it is seen that the direction ol 
the radiating directivity characteristic ot the entire anten- 
na changes on a x-z plane by controlling the x phase 
shifter 23 corresponding to each patch element 22. 
[0055] Fig.5 is a block diagram ot the configuration of 
a satellite station. In the drawing a satellite station 31 is 
connected with a receiving antenna 92 and a transmit- 
ting antenna 33. The satellite station roughly comprises 
a radio unit 34, a control unit 35, a LAN function unit 36 
and a timer 37. 

[0056J The radio unit 34 is connected with the receiv- 
ing antenna 32 and a transmitting antenna 33, and com- 
prises a modulator/demodulator, a phase shifter, a 
phase shifter controller, an antenna power reeding cir- 
cuit, a burst switch circuit, etc. 
[0057] The LAN tunction unit 36 comprises a data 
transmitting and receiving control function, a carrier de- 
tecting function, an FCS {frame check sequence) error 
detecting function, a collision detecting function, a pre- 
amble adding function, a terminal interface, etc. 
foosg] The control unil 35 comprises a determining 
function control unit 41, an antenna directrvity charac- 
teristic control unit 42, a receiving control unit 43, an 
electric field intensity detecting/storing unit 44, a control 
frame generating unit 45, a power feeding power control 
unit 4$, a transmitting control unit 47 and an FCS error, 
frame detecting unit/counter 48. 
[0069) Fig.6 is a flowchart ol the optimizing process 
of basic communication quality executed by a control 
unit 35 shown in Fig.5. 

[0060] First, in step S1 01 , an antenna directrvity char- 
acteristic control unit 42 receives an instruction to start 
to determine from the detecting function control unit 41 , 
and instructs the radio unit 34 to use only one patch el- 
ement out of a plurality of patch elements composing an 
active phased planar-array antenna being the transmit- 
ting antenna 33 to broaden the radiating directivity char- 
acteristic of the transmitting antenna 33. 
[0061] In step S102 the transmitting control unit 47 
outputs a control frame generated by the control frame 
generatfrg unit 45 to the radio unit 34 to make the radio 
unit 34 transmit the control frame. 
[0062] In step St 03 the receiving control unit 43 
makes the radio unit 34 receive a carrier wave transmit* 
ted from the master station when the master station re- 
ceives the control frame, and the antenna directivity 
characteristic control unit 42 determines such a direc- 
tivity characteristic that a carrier wave with the maximum 
intensity may be received while changing the directivity 
characteristic of the receiving antenna 32. 
[D0&3] In step S104 the electric field intensity detect- 
ing/storing unit 44 stores such a directivity characteristic 
of the receiving antenna that the receiving electric field 
intensity may become a maximum 
[0064] In step 5105 the antenna directivity character- 
istic control unit 42 instructs the radio unit 34 so that the 
receiving antenna 32 and the transmitting antenna 33 
may have such a directrvity characteristic that the re- 



ceiving electric field intensity stored in the electric field 
intensity detecting/storing unit 44 may become a maxi- 
mum, and terminates the optimizing process. 
[0065] The configuration ot the control unit 35 is da- 
s scribed in detail below, 

[0006] Fig.7 shows the configuration of the determin- 
ing lunction control unit shown in Fig.5, 
[0067] in the drawing, the determining function control 
unit 41 comprises the determined state storing/instruct^ 
io ing unit 51 . For example, when an error is detected upon 
receiving a control frame returned from the master sta- 
tion, when the electric field intensity of a carrier wave 
received from the master station is detected and found 
not to meet the requirements described later by the elec- 
ts trie field intensity datecting/sioring unit 44, when errors 
am frequently detected in normal data frames by the 
FCS error frame detecting unit/counter 46, and when a 
data terminal start signal is input, the determined state 
storing/instructing unit 51 sends a signal for instructing 
so to start to determine to the control frame generating unil 
45, etc. 

[0068] Fig.B shows the configuration of an antenna di- 
rectivity characteristic control unit. 
[006d] In the drawing, the antenna directivity charac- 
25 teristic control unit 42 comprises a directivity instructing 
unit 52 and a using element instructing unit 53. 
[0070] The control by the antenna directrvity charac- 
teristic control unit is further described below. As men* 
tioned before, in a LAN satellite station, an active 
so phased planar-array antenna the radiating directrvity 
characteristic of which can be freely changed consecu- 
tively is used for reception. As explained in Fig.4, the 
direction of me radiating directivity characteristic can be 
freely changed on a x-z plane by changing a power feed- 
as Ing phase for a patch element 22 using a phase shifter 
corresponding to each patch element 22, The same ap- 
plies to a x-y plane, Therefore, the direction of the radi- 
ating directivity characteristic can be freely changed on 
a hemispherical plane of an antenna plana by changing 
40 each power feeding phase using a x phase shifter 23 
and a y phase shifter 24. 

[0071] The active phased planar-array antenna is fur- 
ther described below. This antenna ia an antenna on a 
dielectric base plate on which a plurality of antenna el- 

45 ements. that is, patch elements, are two-dimensionalry 
{on a plane) arrayed. Each patch element is provided 
with a phase shifter, and the radiating direction of elec- 
tro-magnetic waves, that js, radiating directivity charac- 
teristic, can be actively changed without changing the 

so physical direction of an antenna by changing the phase 
of excitation of a respective patch elements consecu- 
tively using the phase shifters. This antenna ia, for ex- 
ample, used for radar, etc. An antenna with a nanow 
radiating directivity characteristic is also configured by 

& arraying many patch eloments. On th e contrary, a broad 
radiating directrvity characteristic having a half power 
angle of 90 to 1 20 degrees or more can also be realized. 
[0072] Fig-9 shows a method for determining an an- 
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tenna radiation directivity characteristic ol a satellite sta- 
tion, that is, a method of determining the direction of the 
master station. As explained in Fig. 3, on the satellite ela- 
tion receiving antenna $2, nine patch elements are two- 
dimensionaliy arrayed, the satellite station receiving an- 
tenna 32 has an acute radiating directivity characteristic, 
and the satellite station receiving antenna determines 
so that the radiating directivity characteristic may be di- 
rected to the master station (54). 
[0073] First, angle 8 is decided by shifting the radiat- 
ing directivity characteristic on an x-y plane, that is, de- 
termining horizontally (55). "men. angle o is decided by 
determining on a 7-a plane (56). Thus, the radiating di- 
rectivity characteristic of the satellite station antenna 57 
is directed to the master station (54). 
[0074] Fig.10 shows a method for sending a control 
frame to the master station prior to the determination of 
an antenna radiation directivity characteristic. 
[0075] In the drawing, a control frame is sent to the 
master station using out of a plurality of patch elements 
composing the satellite station transmitting antenna 33, 
for example, onfy a patch element at the center 58. In 
this case, the radiating directivity characteristic of the 
satellite station 59 is made broad by using only one 
patch element, and the control frame 60 is transmitted 
In a broad direction, Thus, in whichever direction the 
master station is located, tho master can receive the 
control frame. 

[0076] The directivity instructing unit 62 shown in Fig. 
8 stores the values of 0 and $ being the result of the 
determination ot an antenna directivity characteristic, 
reports the values to the radio unit 34, and fixes the ra- 
diating directivity characteristic ol both the transmitting 
antenna 33 and the receiving antenna 32. That is, at the 
time of normal data communication, both antennae tor 
transmission and reception are directed to the direction 
decided by the optimal values of 6 and 0. When the using 
element instructing unit 53 receives a determination 
start instructing signal Irom the determining function 
control unit 41, the using element instructing unit 53 re- 
ports to the radio unit 34 an instruction to transmit a con* 
trol frame using onry one element of the transmitting an- 
tenna 33. 

[0077] Fig. 11 shows the configuration ol the receiving 
control unit shown in Fig.5. In the drawing, the receiving 
control unit 43 comprises a control Irame FCS error 
checking unit 64, a data switch unit 65 and a random 
hack-off timer 66. 

[0070] When the control frame FCS error checking 
unit 64 receives a data input from the radio unit 34 and 
detects an error ri a control frame returned from the 
master station, the control frame FCS error checking 
unit 64 judges that a collision occurs with a normal data 
frame sent from another satellite station, and instructs 
the determining function control unit 41 to determine 
again after a random back-off tone. At the time of the 
determination of an antenna direction and at the time of 
normal data Irame communication, the data switch unit 



65 performs a switch function to output a control Irame 
as data to the electric field intensity detecting/storing 
unit 44. and to output data to both the LAN function unit 
38 and the electric field intensity detecting/storing unil 
5 44, rospecth/ely. The random back-off timer 66 is a timer 
for deciding a random back-off time for transmission un- 
til transmitting a control frame again after detecting a 
collision. 

[0079] fig.12 shows the configuration of an electric 
io field density detecting/storing unit. In the drawing, the 
electric field intensity detecting/storing unit 44 compris- 
es an electric fisld intensity detecting unit 68 and a stor- 
ing unit 6g. 

[OO&O] When the electric field intensity detecting unil 

is 6B determines an antenna direction, the electric field in- 
tensity detecting unit 68 detects the electric field inten- 
sity ot a carrier wave transmitted from the master sta- 
tion, and reports to the storing unit 69 the angle of the 
radiating directivity characteristic at that time. When the 

20 detected electric field intensity is less than a predeter- 
mined threshold even if the angle of the radiating direc- 
tivity characteristic is changed, the electric field intensity 
detecting unit 68 instructs the determining function con- 
trol unit 41 to determine again. 

25 [0081 ] At the time ot normal data communication the 
electric field intensity detecting unit 6B monitors the re- 
ceiving electric field intensity of a normal data frame, 
and when the value Is less than the predetermined 
threshold, the electric field Intensity detecting unit 6S in- 

30 structs the determining function control unit 41 to deter- 
mine the directivity characteristic of the antenna again 
in the same way. 

[0082] The storing unit 69 receives an output from the 
electric f i eld intensity detecting unit 68, storee the values 

55 of 0 and 0 when the maximum detected receiving 
strength is more than the predetermined minimum val- 
ue, that is, athreshold, reports the values to the antenna 
directivity characteristic control unit 42, and fixes the an- 
tenna directivity characteristic to the direction of the 6 

40 and ^. 

[0069] Fig. 13 shows the configuration of a control 
frame generating unit 45. In the drawing a control frame 
memory ROM 71 receives an instruction to start to de- 
termine irom the determining function control unit 41, 
45 and outputs the control frame stored in the ROM to the 
transmitting control unit 47. 

[0084] Fig. 14 shows the configuration of a power 
feeding power control unit 46. In the drawing a power 
reinforcement instructing unil 72 receives an instruction 

so to start to determine from the determining function con- 
trol unit 41 , sends an instruction to increase feeding 
power to onry an antenna used for transmitting a control 
frame, thai is, one patch element, to the radio unit $4, 
and instructs to restore the feeding power to normal after 

sfi transmitting the control irame. As explained in Fig.10, 
this is because when transmitting a control frame, only 
one patch element is used in order to broaden the radi- 
ating directivity characteristic the radiating power ot an 
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antenna becomes small, and therefore the feeding pow- 
er for the patch element is Increased. 
[0085) Fig, 16 shows the configuration ot a transmit- 
ting control unit 47. tn the drawing, a data switch unit 73 
performs a switch function, that is, when a satellite sta- 
tion determines an antenna directivity characteristic ac- 
cording to an instruction from the determining function 
control unit, the data switching unit 73 sends a control 
Irame input Irom the control frame generating unit 45 to 
the radio unit 34, and at the time of normal data com- 
munication executes a switching function to send a nor- 
mal data frame from the LAN function unit 36 to the radio 
unit 34. 

[0096] Fig. 16 shows the configuration ot an FCS error 
frame detecting unit/counter 48. In the drawing an FCS 
error counter/storing unit 74 receives an inpuifrom the 
LAN function unit 36, at the time ol normal data commu- 
nication counts the number of data frames in which an 
error is detected by the LAN function unit 36, and for 
example, when receives in succession a predetermined 
number of error frames, the FCS error frame detecting 
unit/counter 48 instructs the determining lunctton con- 
trol unit 41 to start determining. 
[0087J Further, when an error frame is first received, 
the FCS error counting/storing unit 74 issues an instruc- 
tion to start to the timer 37, and when il receives the 
number of error frames predetermined before the time- 
out, instructs to start to determine to the determining 
function control unit 41, This operation is further de- 
scribed later. 

[0068] Fig.17 is a block diagram showing the config- 
uration of a wireless LAN master station. In thB drawing, 
a receiving antenna B2 and a transmitting antenna 83 
are connected to the master station 61 . The master sta- 
tion roughly comprises a radio unit 84, a control unit B5 
and a LAN function unit 66. 

[0089] The radio unit 64 comprises a modulator/de- 
modufator, a phase shifter, a phase shifter control ler, an 
antenna power feeding circuit, a buret switch circuit, etc. 
The control unit 65 comprises a determining function 
control unit 87, a frame distinguishing unit 88 and a pow- 
er feeding power control unit 89. Furthermore, the LAN 
function unit 66 comprises a data transmitthg/receiving 
control function, a carrier wove detecting function, a col- 
lision detecting function, a preamble adding function, a 
data returning function and a backbone interface, etc. 
[0090] Fig.18 is a basic flowchart ol processes exe- 
cuted by the controJ unit 85 shown in Fig 17. 
[0091 ] First, In step S1 1 1 the radio unit 64 receives a 
frame transmitted by a satellite station 31 , and the frame 
is input to the frame distinguishing unit 88. 
[0092] In step S112 the frame distinguishing unit 68 
judges whether or not a received frame is a control 
Irame, and if so, the flow proceeds to step S113. II the 
received frame is not a control frame, the flow proceeds 
to step 611 4, and the frame is output lo the LAN function 
unit 86 lo make the LAN function unit transfer the frame 
to a backbone LAN. and then the flow returns to step 



S111. 

(0093] In step S11 3 the determining function control 
unit 87 instructs the radio unit 84 to transmit a carrier 
wave from the transmitting antenna 83 while a satellite 

$ station is determining the directivity characteristic of an 
antenna, and then the flow returns to step S111 . At this 
time, Ihe power feeding power control unit 89 controls 
the feeding power of the radio unit 84 so that the satellite 
station may obtain an electric field intensity sufficient lo 

10 determine the directivity characteristic of the antenna. 
[0094] Each of units composing the control unit 85 is 
further described in detail below. 
[0095] Fig. 19 shows the configuration of the deter- 
mining function control unit 87 shown in Fig.17. In the 

t5 drawing, when the determining function control unit 67 
is reported to receive a control frame from the frame dis- 
tinguishing unit 68, the determining function control unit 
87 instructs the radio unit 84 to transmit a carrier wave. 
If at this time the saving of the power is required, the 

20 determining function control unit 87 instructs the power 
feeding power control unit 89 to reduce the transmitting 
power ol the carrier wave. 

[0098] Fig.20 shows the configuration of the frame 
distinguishing unit SB. in the drawing the control frame 

25 distinguishing unit 91 judges whether or not when re- 
ceiving an input ol a receiving Irame from the radio unit 
34, the frame is a control frame, and outputs the rasult 
of the judgement to the switch unit 92. If the frame is a 
control frame, the switch unit 92 reports to the determine 

50 ing function control unit 87 that the switch unit 92 has 
received a control frame. On the contrary, if the frame 
is not a control frame, the switch unit 92 sends the re- 
ceived frame to the LAN function unit 86. 
[0097] Flg.21 shows the configuration of a power 

ss feeding power control unit 89. In the drawing, a power 
regulating unit 93, when a carrier wave is being sent, 
reduces feeding power according to an instruction from 
the determining function control unit 87, and feeds the 
reduced power to the radio unit 84. 

40 [00983 Although so lar the configuration of a LAN sat- 
ellite station and the master station are mainly de- 
scribed, tha optimitation of communication quality of 
this embodiment ta further described in detail below, 
[0099] In Fig,5> as described above, in a LAN satellite 

45 station 31, first, (or example, when a satellite station 
starts to operates an instruction to transmit a control 
Irame is issued from the determining lunction control 
unit 41 to the control frame generating unit 45, and a 
control frame different from a normal LAN data frame is 

bo transmitted to the master station via tha transmuting 
control unit 47 and the radio unit 34, In this case, since 
the radiating directivity characteristic of the transmitting 
antenna 33 of the satellite station is not always directed 
to the master station, in orderto make the master station 

ss receive the control Irame without fail, it is necessary to 
transmit this control frame utilizing a broad radiating di- 
rectivity characteristic. 

[0100] Such being the case, as explained in Fig.|Q. 
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the master station can be made to receive the control 
frame without fail by transmitting the control frame using 
onty one patch clement under the control of the antenna 
directivity characteristic control unit 42, However, it is 
not necessarily required to use a patch element at the 
center 58 as shown in Fig. 10. Since with transmission 
using only one element, the radiating electric field inten- 
sity is weak, m order to make the master station receive 
the control frame without tail, the control frame is trans- 
mitted after the feeding power to the patch element 58 
is made greater than the feeding power at the time of 
normal data frame communication, by the power lead- 
ing power control unit 46. 

[0101] In Fig,17 the master station 81 receives the 
control frame transmitted from the satellite station using 
the receiving antenna 82, the master station 81 verifies 
by thB frame distinguishing unit 88 via the radio unit 84 
that the received frame is a control frame, and then the 
radio unit 84 starts to transmit only a carrier wave under 
the control of the determining function control unit 87. 
In this case, the master station does not transfer the con- 
trol frame to the backbone LAN. 
[0102] Even if a data frame is transmitted from anoth- 
er satellite station while the master station is transmitting 
a carrier wave, the satellite station determining an an- 
tenna directivity characteristic is not affected by it, since 
different transmitting frequencies are used for upward 
transmission, that is t from a satellite station to the mas- 
ter station and downward communication, that is, from 
the master station to a satellite station, and both electric 
field Intensities are constant. That is, in this case, the 
satellite station determining an antenna directivity char- 
acteristic receives only carrier waves transmitted from 
the master station, and thereby no collision of a frame 
occurs. However, as described later, when the satellite 
station transmits a control frame, when the control frame 
is transmitted via a backbone LAN, or when another sat- 
ellite station transmits a control f rarne or a normal data 
frame simultaneously, a collision occurs. 
p>1 03J Therefore, it is necessary to clearly distinguish 
a control frame transmitted from a satellite station from 
a normal data frame. Fig,22 shows an example of a for- 
mat for this control frame. As shown in the drawing, for 
example. In the master station a control frame can be 
clearly distinguished from a normal data frame by mak- 
ing all bits for Indicating the end point address and start 
point address of a frame "OV Particularly, as shown in 
Ihfl drawing, in the master station a control frame can 
be instantaneously distinguished by using a MAC (me- 
dia access control) address pari in the leading part of a 
frame. The start point address field Is a part for setting 
a unique address in each data terminal- You can also 
make all start point addresses T. Or a control frame 
can be distinguished from a normal data frame by using 
a part other than a MAC address part. That is, a format 
for a control frame can be anything which can be distin- 
guished Irom a normal data frame. 
[0104] Furthermore, as shown in Fig.22. for example, 



in the case of me Ethernet being a typical LAN, when a 
control frame collides with a normal data frame, by em- 
bedding a padding, that is, a bit string of 8 bits with ar- 
bitrary contents in the data field of a control frame as a 

£ PAD, further embedding a frame check sequence data 
in the control frame, and making the length of the control 
Irame the shortest possible in the Ethernet, that is. 512 
bits, it can be recognized that a collision has occurred 
in both a satellite station determining an antenna direc- 

iQ tivity characteristic and terminal which has transmitted 
data. 

[0105] Thus, even if there is a satellite station deter- 
mining a directivity characteristic, normal data commu- 
nication can be prevented from being affected. On tho 
is other hand, the satellite station determining a directivity 
characteristic stops determining, nullifies the determina- 
tion, transmits a control frame again from the determin- 
ing function control unit 41 , for example, after a random 
back-off time, and determines (tries) again. 
so pjlOS] Following the transmission of the control 
frame, the satellite station detects the receiving electric 
field intensity of acarrior wave transmitted from tho mas- 
ter station by the electric field intensity detecting/storing 
unit 44, and starts to determine the direction of the mas- 
se ter station while changing the directivity characteristic 
of the receiving antenna by changing the phase of power 
feeding power by a phase shifter as explained in Figs.3 
and 4. In this case, the carrier wave, etc, received from 
the master station are not output from the receiving con- 
30 trol unit 43 to tho LAN function unit 36. That is, since the 
level (amplitude) of the carrier wave is smaller the level 
(amplitude) of data, and since the receiving control unit 
43 detects data using a threshold larger than the level 
of the carrier wave, the carrier Is never output to the LAN 
35 function unit 36. 

[0107] In the determination of an antenna directivity 
characteristic, as explained in Fig.9, first, an angle a 
which can receive a carrier wave in the strongest inten- 
sity from the master station in the overall direction of a 
40 plana parallel to an antenna plane, is detected, and an 
angle 6 is further detected by determining for 90 degreos 
of direction in a plane vertical to the antenna plane. 
[01 OS] When an antenna directivity characteristic is 
determined, a determining procedure is executed again 
*5 depending on the maximum value and the minimum val- 
ue ol detected electric field intensity, if necessary. First, 
the lowest limit of the electric field intensity of a carrier 
wave transmitted from the master station is predeter- 
mined in the electric field strength detectino/storins unit 
so 44. Then, if an electric field Intensity greater than me 
lowest limit is not detected when determining, a deter- 
mining procedure is executed again and an optimal di- 
rection of radiating beams is decided for the satellite sta- 
tion. 

ss [Qi 09] The lowest limit of receiving electric field inten- 
sity means a receiving electric field Intensity too weak 
to carry out normal communicatioa More specifically, 
tor example, the value can be decided and set in the 
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system by actually measuring such a limit in the stag© 
of trial manufacture tor the commercialization of a wire- 
less LAN system. Or since the value depends on the 
characteristics of a system, that is, the characteristics, 
of components used and the transmitting power, the val- 
ue can be calculated and set in the system. Or the value 
can also be decided using the incidence of error frames. 
[011 0] The minimum value of the difference between 
the maximum value and the minimum value of the re- 
ceiving electric field intensity of a carrier wave transmit- 
ted from the master station is stored tn th© electric field 
intensity detecting/storing unit 44 of the satellite station 
in advance, and when a carrier wave cannot be received 
in a state of having a difference greater than the mini- 
mum vatue, a determining procedure is executed again 
from the beginning, and an optimal direction of directivity 
characteristic is decided for a satellite station antenna, 
[0111] Figs.23A and 23B showa case where the suc- 
cess or failure of a determination is judged by whether 
the minimum value of the difference between the max- 
imum value and the minimum value of receiving electric 
field intensity Is greater or lose than a predetermined 
value. Fig.29A shows a case where when a coordinate 
is changed on a piano parallel to an antenna plane as 
shown in Flg.9, the measured difference between the 
maximum value and the minimum value of the receiving 
electric field intensity is greater than the predetermined 
value. In such a case the determination shall be regard- 
ed as a success. On the contrary, Fig.236 shows a case 
where the difference between the maximum value and 
the minimum value of the receiving electric field intensity 
is less than the predetermined value and the determi- 
nation is regarded as a faflure. 
[01 12] Furthermore, when in me determination of the 
directivity characteristic of a satellite station antenna, 
the maximum value and tha minimum value of the re- 
ceiving electric field intensity of a carrier wave from the 
master station are detected, a ratio of the maximum val- 
ue to the minimum value, that is, a ratio of "the maximum 
value/the minimum value" is stored In the electric field 
Intensity dBtecting/storing unit 44, Then, it a ratio of the 
maximum measured value to ihe minimum measured 
value is toss than the ratio, a determination procedure 
can be executed again from the beginning and an opti- 
ma) direction of radiating beams can be decided for a 
satellite station antenna. Or, on the contrary, a ratio of 
"the minimum value/the maximum value" is stored in the 
electric field Intensity detecting/storing unit 44 in ad- 
vance. Then, if a ratio of the minimum measured value 
to the maximum measured value is the same as or 
greater than the ratio, a determining procedure can be 
executed again from the beginning. 
[01 1 3] Next, the determination executed again after a 
determination is terminated and the optimal direction of 
directivity characteristic is fixed, and the normal trans- 
mission and reception of data, that is, the transmission 
and reception of data frames between a satellite station 
and the master station is started, is described below. 



[011 4] Tine satellite station stores in advance such a 
threshold receiving electric field intensity of a data frame 
that normal communication between the satellite station 
and the master station may be started to be affected (el- 
s tocted), in the electric field intensity defecting/storing 
unit 44, and delects the receiving electric field intensity 
of a normal data frame received from the master station. 
When the receiving elBctricfietd intensity of a data frame 
transmitted from the master station becomes tese than 
to a predetermined limit due to the movement of a data 
terminal or a satellite station connected to the data ter- 
minal or the shilt of the position of an antenna, an in- 
struction to start to determine is sent Irom the determin- 
ing function control unit 41 to the control frame gener- 
is a ting unit 45 as described above, a determination is re- 
started, and thereby an optimal communication environ- 
ment can be secured again. 

[011 S] In this case, H an electric field intensity greater 
than the lowest limit of receiving electric field intensity 
so of a carrier wave from the master station stored in ad- 
vance as described above while determining is not de- 
tected, a determining procedure can be executed once 
more. The same applies to the minimum value ol the 
difference between the maximum value and the mini- 
ms mum value, a rate of tho maximum value to the mini- 
mum value and a ratio of the minimum value to the max- 
imum value. 

[0116] Furtriermore, for the intensity of a receiving 
carrier wave from the master station not only electric 
30 field intensity but also magnetic field intensity can be 
adopted as a standard. Furthermore, in an infrared ray 
wireless LAN system, infrared ray intensity can also bo 
adopted as a standard. 

[011 7] For another condition for determining again af- 

3S ter the transmission and reception of a normal data 
frame is started between a satellite station and the mas- 
ter station, there is an error of a data frame. As shown 
in Flg.5, each of the satellite stations is provided with an 
FCS error frame detecting unit/counter 48. If an error is 

40 detected in a frame received from the master station, 
the number of the frames with an error is counted, the 
determining function control unit 41 instructs to start to 
determine In the same way as described before, when 
the number of frames roaches the predetermined 

is number of frames, and determines an antenna directiv- 
ity characteristic in order to secure an optimal commu- 
nication environment. In this case, the same processes 
as described above can be executed for the lowest limit, 
the minimum value of the difference between the max- 

so tmum value and tha minimum value, a ratio of the max- 
imum value to the minimum value and a ratio of the min- 
imum value to tne maximum value of electric field inten- 
sity, and if the requirements are not met, a determination 
can be executed again. 

55 [011 BJ It can be configured so that when the number 
of error frames consecutively received reaches a pre- 
determined number, a determination is executed again 
in the same way as described above. Or it can also be 
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configured ma! a timer 37 is started to operate when the 
first error tame is received, and if the number ol error 
frames received by tho time-out of the timer 37 reaches 
a predetermined number, a determination o! an antenna 
directivity characteristic is executed again. U can also 5 
be configured that il the predetermined number of error 
frames is not received during thB time-out period of the 
timer 37, the counter is cleared after the time-out period 
elapses, and when an error trams is received again, the 
start ol the timer 37 and tho processes after that are to 
repeated. 

(01 19] Or it can also be configured that when an error 
frame is received, the timer 37 is started to operate, and 
when the number ol error frames reaches the predeter- 
mined number, a determination of an antenna directivity 
characteristic is started. Even if the timer 97 is started 
to operate and further several error frames are consec- 
utively received, the counter and the timer are reset 
when a normal frame is received before the number of 
error frames reaches the predetermined number. Whan 
thB timer 37 time-outs, the counter is cleared. 
[0120J It can also be configured that even when tho 
timer 37 is started to operate in this way, the same proc- 
esses as described above are executed for the lowest 
limit, the minimum value in difference between the max- 2& 
imum value and the minimum value, a ratb of the max- 
imum value to the minimum value and a ratio of the min- 
imum value to the maximum value of receiving electric 
field intensity, and a determination ol an antenna cRrec- 
tivity characteristic is executed again. 30 
[0121] Next, concerning the operation of the master 
station, it can also be configured that when a control 
frame is received from a satellite station, and a carrier 
wave is returned to the satellite station, a carrier wave 
is transmitted in a state where transmitting power Is ^ 
made less than the transmitting power at the time of 
transmission of a normal data frame by the power feed- 
ing power control unit 89 shown in Fig. 17. Thus, the 
power consumption can be reduced. 
[0122] When a data frame is transmitted from another «e 
satellite station or a backbone LAN while the master sta- 
tion is transmitting a carrier wave with a transmitting 
power less than the transmitting power at the time of a 
normal data communication and the satellite station is 
determining an antenna directivity characteristic, it is an- 4* 
ticipated that the electric field intensity detecting/storing 
unit 44 ot the satellite station detects a discontinuous 
and rapid rise of electric field intensity. In this case, since 
an optimal direction ol a normal antenna directivity char- 
acteristic cannot be determined, an antenna directivtty $0 
characteristic can be determined by the satellite station 
stopping the determining, clearing the result of the de- 
termination so far, transmitting a control frame again 
when the transmission of data frames Is terminated or 
after a certain time determined by, for example, a ran- 56 
dom back-off algorithm elapses, and making the master 
station transmit a carrier wave. 
[0123] As described in detail above, by means of the 



J0A2 19 

present invention, an optimal communication environ^ 
ment can be secured without adjusting the position of a 
data terminal, a satellite station or a satellite station an* 
tenna, by adopting a satellite station antenna the radi- 
ating directivity characteristic ot which can be freely 
changed, transmitting a control frame from the satellite 
station, the master station starting to return a carrier 
wave, the satellite station determining such a direction 
of antsnna directivity characteristic that a carrier wave 
transmitted from the master station may be received 
with the maximum intensity, and fixing the directivity 
characteristic ot a satellite station anlenna to the direc* 
tion of the master station In a wireless LAN system main- 
ly using a millimeter wave. 

[0124] Furthermore, the wireless LAN system canau- 
tomatlcally cope with the deterioration of a communica- 
tion environment due to the movement of a data terminal 
or a satelUte station, or the shift of the position of an an- 
tenna, and the best communication quality can be al- 
ways provided by selling conditions for the number of 
error frames allowed to be received in a satellite station, 
or the receiving electric field intensity of a data frame, 
and determining an optimal antenna directivity charac- 
teristic again when the conditions are not met. 
[01 26] The power in the master station can also be 
saved by making the intensity of a carrier wave trans- 
mitted from the master station while determining, less 
than the intensity at the time of normal data communi- 
cation. 

[01 26] Accordingly, according to the present invention 
a strong and flexible wireless LAN system can be con- 
structed, and the present invention greatly contributes 
to the realization of a high-speed wireless LAN system 
using a millimeter wave in an unused wave range as- 
signed to data communication. 



Claims 

1. A wireless focal area network system comprising a 
wireless local area network master station (6) tor 
supporting communication between satellite sta- 
tions (4) belonging to the master station (6), andone 
or more wireless local area network satellite sta- 
tions (4), wherein 

the satellite station (4) in the relevant local area 
network comprises 

an anlenna (1) for dynamically changing a di- 
rectivity characteristic when receiving electric 
waves from the master station; 
control frame transmitting means (2) for trans- 
mitting control frames prior to the commence- 
ment of communication: and 
antenna directivity characteristic controlling 
maans (3) for determining such a directivity 
characteristic thai the receiving electric fietd in- 
tensity of a carrier wave trans mitt from the 
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master station (6) when receiving the relevant 
control frame may become a maximum by 
changing the directivity characteristic of said 
antenna (1). and 

the master station (6) in mo relevant local area 
network system comprises carrier wave trans- 
mitting means (5) tor starting to transmit carrier 
waves when receiving said control frame. 

2. A wireless local area network system comprising a 
wireless local area network master station (6) tor 
supporting communication between satellite sta- 
tions (A) belonging to the master station (6), and a 
plurality ot wireless local area network satellite sta- 
tions (4). wherein 

the satellite station (4) comprises antenna di- 
rectivity characteristic adjusting means (2) for 
adjusting the antenna directivity characteristic 
of a receiving antenna (1) 60 that the receiving 
electric field intensity of electro-magnetic 
waves transmitted from the master station (6) 
becomes a maximum, and 
the master station (6) comprises electro-mag- 
netic wave transmitting means (5) for transmit- 
ting electro-magnelio waves with such intensity 
as to enable a satellite station (4) to detect at 
least said receiving electric field intensity while 
the directivity characteristic of the relevant re- 
ceiving antenna (1 ) Is adjusted in the satellite 
station (4). 

3. A transmitter-receiver for communicating with an- 
other party in a wireless local area network system, 
comprising: 

an antenna (32) 1or dynamically changing a di- 
rectivity characteristic when receiving electric 
waves; 

control frame transmitting means (34. 45, 47) 
for transmitting a control frame to a communi- 
cation partner prior to the commencement of 
communication; and 

antenna directivity characteristic controlling 
means (42) for determining such b directivity 
characteristic that the receiving electric field In- 
tensity of a carrier wave transmitted (rem the 
communication partner may become a maxi- 
mum when receiving said control frame by 
changing the directivity characteristic of said 
antenna (32). 

4. The transmitter-receiver according to claim 3, 
wherein said antenna (32) is an active phased pla- 
nar-array antenna (21). 

5. The transmitter-receiver according to claim 4, 
wherein said control frame transmitting means (34, 



45, 47) transmits a control frame using only one el- 
ement out of a plurality of elements (22) composing 
the anay of said active phased planar-array anten- 
na (21). 

5 

6. The transmitter-receiver according to claim 5, fur- 
ther comprising power feeding power controlling 
means (46) for adjusting the power feeding power 
for transmitting a control frame, and 

10 when said control frame transmitting means 

(34, 45, 47) transmits control frames using one ol- 
ement in said anay (22), the relevant power feeding 
power controlling mean3 (46) increases the power 
feeding power, 

15 

7, The transmrlter-recoiver according to claim 4, 
wherein said antenna directivity characteristic con- 
trolling means (42) determines such a directivity 
characteristic that said receiving electric field inten- 
se sity may become a maximum by changing the radi- 
ating directivity characteristic of said active phased 
planar-array antenna (21) on a plane parallel to a 
plane on which a plurafity of elements (22) compos- 
ing the array of said active phased planar-array an- 

ss tonna (21) are arrayed, and a plane vertical to the 
relevant parallel plane. 

0- The transmitter-receiver according to any of claims 
3 to 7, wherein when in the determination of said 
30 directivity characteristic the receiving electric field 
intensity of said carrier wave does not reach a pre- 
determined minimum value, said antenna directivity 
characteristic controlling means (42) determines 
the relevant directivity characteristic again. 

35 

Q. The transmitter-receiver according to any of claims 
3 to 7, wherein when in said determination the dif- 
ference between the maximum value and the mini- 
mum value of the receiving electric field intensity of 
40 said carrier wave does not exceed a minimum value 
predetermined for the relevant difference, said an- 
tenna directivity characteristic controlling means 
(42) determines the relevant directivity characteris- 
tic again. 

45 

10. The transmrttor-receiver according to any of claims 
3 to 7, wherein when in said determination a ratio 
of the maximum value to the minimum value of the 
receiving electric field intensity of said carrier waves 
so *the maximum/the minimum* does not exceed a 
predetermined value, said antenna directivity char- 
acteristic controlling means (42) determines the rel- 
evant directivity characteristic again. 

6* 11. The transmittBr-receiver according to any of claims 
3 to 7, wherein wherein when in said determination 
a ratio of the minimum value to the maximum value 
of the receiving electric field intensity of said carrier 
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wave "the minimum/the maximum* is the same as 
or greater lhan a predetermined value, said anten- 
na directivity characteristic controlling means (42) 
determines the relevant directivity characteristic 
again. 

12. The transmitter-receiver according to any of claims 
3 to 1 1 , having frame collision detecting mean a (51) 
lor detecting a collision when a control frame trans- 
mitted by its own apparatus colfides with a control 
frame transmitted by another apparatus, or a trans- 
mitting and receiving dataf rame of a backbone local 
area networK or another apparatus, and 

after detecting the relevant collision, said con- 
trol frame transmitting means (34, 45, 47) transmits 
a control Irama again, and said antenna directivity 
characteristic controlling means (42) determines 
said directivity characteristic again. 

1 3. The transmitter-receiver according to any of claims 
3 to 12, having receiving electric field intensity de- 
tecting means (68) for delecting the receiving elec- 
tric field intensity of a data frame received from a 
communication partner after the transmission and 
reception ot a data frame as communication is start- 
ed with the partner, and 

when the relevant detected receiving electric 
field intensity becomes less than a predetermined 
value, said control frame transmitting means (34, 
45, 47) transmits a control frame, and said antenna 
directivity characteristic controlling means (42) de- 
termines said directivity characteristic. 

14. The transmitter-receiver according to any ot claims 
3 to 13* having frame error detecting/counting 
meane (46) for detecting an error in a data frame 
received from a communication partner after the 
transmission and reception of a data frame as com- 
munication Is started with the partner, and 

when the number of the relevant error frames 
exceeds a predetermined number, said control 
frame transmitting means (34, 45, 47) transmits a 
control frame, and said antenna directivity charac- 
teristic controlling meane (42) determines said di- 
rectivity characteristic, 

15. The transmitter-receiver according to any of claims 
3 to 1 3, with frame error detecting/counting means 
(48) for detecting an error in a data frame received 
from a communication partner after the transmis- 
sion and reception of a data frame as communica- 
tion is started with the partner, and 

when the number of error frames received 
consecutively exceeds a predetermined number, 
said control frame transmitting moans (34. 45, 47) 
transmits a control frame, and said antenna direc- 
tivity characteristic controlling moans (42) deter* 
mines said directivity characteristic. 



1 6. The transmitter-receiver according to any of claims 
3 to 15, having Irame error detecting/counting 
means (64) for detecting an error in a data frame 
received from a communication partner after the 
6 transmission and reception of a data frame as com- 
munication is started with the partner, and 

a timer (66) to be started to operate when the 
relevant error IramB is detected in the first 
70 place, and 

when a predetermined number of error Irames 
is received within a certain time before the time- 
out of the timer (66) staned to operate at the 
ttmB ol the relevant detection ot error frames, 
is said control frame transmitting means (34, 45, 

47) transmits a control frame, and said antenna 
directivity characteristic controlling means (42) 
determines said directivity characteristic. 

so 17. The transmitter-receiver according to any of claims 
3 to 15, having frame error detecting/counting 
means (64) tor detecting an error in a data frame 
received Irom a communication partner after the 
transmission and reception of a data frame as com- 
2S munication is started with the partner, and 

a timer (66) to be started to operate when the 
relevant error frame is first detected, and 
when the number of error frames received con- 
30 socutiveiy within a certain time before the time- 

out of the timer started to operate at the time ol 
the relevant detection of error frames exceeds 
a predetermined number, said control frame 
transmitting means (34, 45, 47) transmits a 
55 comrolframe.andsaida^tennadirectivitychar- 
actBrislic controlling means (42) determines 
said directivity characteristic. 

18. The transmitter-receiver according to any of claims 
40 3 to 17, having electric field intensity detecting 

means (68) for detecting the electric field intensity 
of electric waves received from a communication 
partner, and 

when the detected electric field intensity 
45 changes discontinuous^ said determination by an 
antenna directivity characteristic controlling means 
(42) is stopped, said control frame transmitting 
means (34, 45, 47) transmits a control frame, and 
said antenna directivity characteristic controlling 
so means (42) determines said directivity characteris- 
tic. 

19. The transmitter-receiver according to claim 1B, 
wherein time elapsing after said determination is 

$s stopped by said antenna directivity characteristic 
controlling means is set according to a random 
back-off algorithm. 
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20. A transmitter-receiver tor communicating with an- 
other party in a wireless local area network system 
provided with an antenna, the directivity character- 
istic ol which can be dynamically changed when re- 
ceiving electric waves, comprising: 

control frame distinguishing means (88) for dis- 
tinguishing a control frame transmitted from 
said communication partner from a data frame 
prior to the commencement ot communication; 
and 

carrier wave transmitting means (B4) for start- 
ing to transmit a carrier wave so that said com- 
munication partner may determine such a di- 
rectivity characteristic that the receiving electric 
field intensity of said antenna may become a 
maximum. 

21. The transmitter-receiver according to claim 20, 
wherein the antenna provided for said communica- 
tion partner is an active phased planar^array anten- 
na (21). 

22. The transmitter-receiver of claim 20 or 21 , wherein 
said carrier wave transmitting means (84) makes 
the transmitting power of the carrier waves less than 
the transmitting power at the time of a normal data 
frame when receiving said control frame. 

23. A metnod for optimizing communication quality in a 
wireless local area network system comprising a 
master station (6) for supporting communication be- 
tween satellite stations (4) belonging to the master 
station (6), comprising the steps of: 

enabling the relevant satellite station (4) to per- 
form the steps ot: 

transmitting a control frame to a communication 
partner prior to the commencement of commu- 
nication; and 

determining such a directivity characteristic 
that the receiving electric field intensity of a car- 
rier wave transmitted from the master station 
(6) in the relevant local area network may be- 
come a maximum when receiving said control 
frame by changing the directivity characteristic 
of an antenna (1), the directivity characteristic 
of which can be dynamically changed whan re- 
ceiving said control frame; and 
enabling the master station (6) in the relevant 
local area network system to perform the step 
of starting to transmit a carrier wave when re* 
ceiving said control frame. 

24. Tfce method for optimizing communication quality in » 
a wireless local area network system comprising a 
master station (6) for supporting communication be- 
tween satellite stations (4) belonging to the master 
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station (&), comprising the steps ol: 

enabling the satellite station (4) to perform the 
step of adjustingthe antenna directivity charac- 
teristic of a receiving antenna so that the receiv- 
ing electric field intensity of electro-magnetic 
waves transmitted from the master station (6) 
may become a maximum; and 
enabling the master station (6) to perform the 
step of transmitting electro-magnetic waves 
with such intensity as to enable a satellite sta- 
tion (4) to detect at least said receiving electric 
field intensity while the directivity characteristic 
of the relevant receiving antenna (t ) is adjusted 
in the satellite station (4). 

25. A method for optimizing communication quality in a 
transmitter-receiver (31) tor communicating with 
another party in a wireless local area network sys- 
tem, comprising the stops of: 

transmitting a control frame to a communication 
partner prior to the commencement of commu- 
nication; and 

determining euch a directivity characteristic 
that the receiving electric field intensity of a car- 
rier wave transmitted from the communication 
partner when receiving said control frame may 
become a maximum by changing the directivity 
characteristic of an antenna the directivity char- 
acteristic of which can be dynamically changed 
when receiving eaid control frame. 

26. A method tor optimizing communication quality d a 
transmitter-receiver (81) for communicating with 
another party in a wireless local area network sys- 
tem provided with an antenna, the directivity char- 
acteristic ot which can be dynamically changed 
when receiving electric waves, comprising the 
steps of; 

when receiving control frames transmitted 
from a communication partner prior to the com- 
mencement of communication, starting to transmit 
a carrier wave so that said communication partner 
may determine such a directivity characteristic that 
the receiving electric field intensity of said antenna 
may become a maximum. 
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